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ABSTRACT: The intake of fat, saturated and monounsaturated
FA (SFA and MUFA), and omega-6 and omega-3 PUFA has been
estimated in 641 Belgian women (age 18–39 y). Their food intake
was recorded using a 2-d food diary. The PUFA included were
linoleic (LA), alpha-linolenic (LNA), arachidonic (AA), eicosapen-
taenoic (EPA), docosapentaenoic (DPA) and docosahexaenoic
(DHA) acids. The mean total fat intake corresponded to 34.3% of
total energy intake (E). The mean intake of the FA groups corre-
sponded to 13.7%, 13.1%, and 6.0% of E, for SFA, MUFA, and
PUFA, respectively. The mean intake of LA was 5.3% of E and of
LNA was 0.6% of E, with a mean LA/LNA ratio of 8.7. The mean
intake of AA was 0.03% of E. The mean intake of EPA, DPA, and
DHA was 0.04%, 0.01%, and 0.06% of E, respectively. Accord-
ing to the Belgian recommendations, the total fat and SFA intake
was too high for about three-quarters of the population. The mean
LA and overall n-6 PUFA intake corresponded with the recom-
mendation, with part of the population exceeding the upper level.
Conversely, the population showed a large deficit for LNA and n-
3 PUFA. The major food source for LA and LNA was fats and oils,
followed by cereal products. The main sources of long-chain
PUFA were fish and seafood, and meat, poultry, and eggs. From
a public health perspective, it seems desirable to tackle the prob-
lem of low n-3 PUFA intake. 
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Advances in the knowledge concerning physiological functions
of dietary PUFA, in particular omega-3 PUFA, have led to an
increased interest in the food sources and the level of dietary
intake of these nutrients. Alpha-linolenic acid (LNA, C18:3n-
3) is a plant-derived omega-3 FA. Together with linoleic acid
(LA, C18:2n-6), LNA is one of the two essential FA in the
human diet; LA and LNA cannot be synthesised by the human
metabolism. LNA can be desaturated and elongated in the
human body to its longer-chain relatives, long-chain n-3 PUFA
(LC n-3 PUFA), but the efficiency of this conversion is reduced
by high intake levels of LA, which competes more effectively
than LNA for desaturation and elongation enzymes because
LA is abundantly present in Western diets (1). There is evi-
dence to suggest that the conversion rate of dietary LNA to LC
n-3 PUFA is insufficient to achieve adequate levels, even when
the LNA intake is increased (2,3). Nevertheless, a British study
suggested that women may possess a greater capacity for LNA
conversion than men (4,5). LC n-3 PUFA are not synthesised
by plants, but they are present in animals and in the marine food
chain, EPA (C20:5n-3), docosapentaenoic acid (DPA, C22:5n-
3), and DHA (C22:6n-3) being the most abundant in the human
diet. It is via planktivorous fishes that LC n-3 PUFA enter the
marine food chain and accumulate in seafood (2). Therefore,
seafood products are excellent food sources of LC n-3 PUFA.
For more than 30 years, a lot of fundamental clinical and
epidemiological research work has been done with regard to
the relationship between n-3 FA and health, showing the po-
tential role of n-3 PUFA from the diet in the prevention of sev-
eral diseases, in particular cardiovascular diseases (1,6,7).
Moreover, the importance of an adequate intake of DHA, par-
ticularly during pregnancy, is stated, given the role of DHA in
the development of visual functions and the nervous system.
Because LC n-3 PUFA cannot be formed by human cells to a
significant extent, most of the n-3 FA accumulated in the fetal
tissue must originate from the maternal diet (8,9). The knowl-
edge about the beneficial effects of these FA has led to the for-
mulation of dietary reference intakes for the absolute amount
of PUFA, but also for the balanced intake of n-6 and n-3. In
2003, the Belgian Health Council formulated recommenda-
tions for FA intake for the Belgian population, expressed in per-
centages of total energy intake (Table 1) (10). However, there
is a lack of information on the current dietary intakes and
sources for the Belgian population. One of the reasons for this
has been the lack of a sufficiently complete food composition
database (FCDB) for FA (11). Up to now, dietary intake assess-
ments of individual n-6 and n-3 PUFA on a population level
can be found for Japan (12,13), France (14), Norway (15), Aus-
tralia (11,16), and Germany (17).
The aim of this study is to determine the total intake of fat,
FA groups, and in particular n-6 and n-3 PUFA in a population
sample of Belgian women of reproductive age, and to compare
these intakes with the current Belgian recommendations (10).
In addition, the main food sources of these FA have been iden-
tified.
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MATERIALS AND METHODS
Population sample. The data reported in this paper are from a
large epidemiological survey that included women aged 18 to
39 y. A total of 4,000 women were randomly selected from the
population register of Ghent, a medium-sized city (a popula-
tion of 229,000 inhabitants) in Flanders, the Dutch-speaking,
northern part of Belgium. They were invited to participate in
the study by postal mail and were asked to reply by use of an
enclosed postcard. Not less than 2,634 subjects declined the in-
vitation to participate, and 424 invitation letters were declared
undeliverable by the postal service. Women who were preg-
nant, who had moved to another city, who did not speak Dutch,
who were unable to come to the research center, or who were
unable to volunteer within the planned period of the fieldwork
were excluded from the study. In total, dietary data were col-
lected for 641 women. The primary objective of the survey was
to evaluate food and nutrient (in particular iron) intake in a
group of Belgian women of reproductive age. Dietary assess-
ment was done on the basis of a 2-d food record, using diaries
with a semistructured, open-entry format and consisting of six
eating occasions: breakfast, lunch, dinner, and morning, after-
noon, and evening snacks. The women were asked to give a de-
tailed description of the foods eaten, if possible to give a brand
name and to estimate the amounts using natural measures (e.g.,
pieces, slices) or household measures (e.g., coffee spoon, cup).
Experienced dietitians used a standardized protocol, including
a manual on household weights and measures, to convert the
estimated amounts into weights. In addition, a general sociode-
mographic questionnaire was administered. Data were gath-
ered during the year 2002 (January 29 to December 22),
thereby covering the different seasons. The study was approved
by the Ethical Committee of the Ghent University Hospital.
Only the data from the 2-d food record are used in this study
for assessing the intake of total fat and important dietary FA. 
FCDB. A specific FCDB was developed on the basis of ex-
isting food composition data. Of all the different food items in
the study (n = 1,063), 75.1% contained fat (n = 799). Total fat
contents for these foods were available from the Belgian FCDB
(18) and the Dutch FCDB (19). For the establishment of a de-
tailed FA database, including SFA, MUFA, PUFA, LA, LNA,
AA, EPA, DPA, and DHA, the following eight different exist-
ing food composition tables were used: an extended version of
the Dutch FCDB (20) (for 457 food items); a specific French
FCDB (14) (for 115 food items); the British McCance & Wid-
dowson’s FCDB (21) (for 59 food items); the USDA National
Nutrient Database (22) (for 51 food items); the Finnish FCDB
(23) (for 12 food items); the Canadian Nutrient File (24) (for 9
food items); the Danish FCDB (25) (for 6 food items); and the
German Food Composition and Nutrition Table (26) (for 1 food
item). Furthermore, food composition information from indus-
tries was used for 43 food items, mostly specific varieties of
margarine, cheese, and dressings. Finally, for 46 composite
food items, the FA composition was calculated using both local
recipes describing the different ingredients and their propor-
tions, and the FA composition of the ingredients as found in
one of the FCDB. Detailed FA profiles for the 799 food items
were then compiled using the listed databases by applying the
proportional share of each FA (group) in the total fat content as
found in the database of origin, to the total fat content of the
food as listed in the local FCDB (18,19). 
Statistics. The population intake is calculated and expressed
as means, standard deviations, and different percentiles (P5,
P50, P95). All statistics are based on the mean of 2 d for each
individual. The intakes are expressed in absolute amounts (g or
mg per d) as well as in percentage of total energy intake. The
percentages of the n-6 and n-3 PUFA provided by the different
food items were calculated. These percentages were calculated
as population proportions, as defined by Krebs-Smith et al.
(27). The population proportion is calculated by summing the
amount of a certain FA from a certain food item for all individ-
uals and then dividing that by the sum of that FA from all food
items for all individuals. The food items were grouped in eight
different food groups, each consisting of several subgroups, as
presented by Astorg et al. (14). 
RESULTS
The intakes of total fat, SFA, MUFA, and PUFA of Belgian
women (n = 461) are given in Table 2 in grams per day (g/d)
and in percentage of total energy intake (%E). This table also
shows the energy intake (kJ/d). The intakes of individual PUFA
expressed in mg/day and in %E can be found in Table 3. The
mean E of the study population was 8,338 kJ. On average,
34.3%E was provided by fat intake. The mean intake of SFA
and MUFA was very similar, respectively 13.7% and 13.1%E,
whereas the mean intake of PUFA was less than half of it, being
6.0%E (Table 2). Flemish women consumed on average 11.92
and 1.44 g (5.28 and 0.64%E) of LA and LNA, respectively,
per day. As a consequence, the LA/LNA ratio was fairly high:
8.7 on average, with 50% of the population having a ratio over
10.1 (Table 4). The mean daily intake for AA amounted to 55.9
mg (0.03%E). Mean intakes for EPA, DPA and DHA were 77.8
mg/d (0.04%E), 25.3 mg/d (0.01%E) and 131.2 mg/d
(0.06%E), respectively (Table 3). The average total n-6 PUFA
intake (sum of LA and AA, presented as ∑n-6PUFA) was 11.97
g/d (5.33%E). Mean total n-3 PUFA intake (sum of LNA, EPA,
DPA, and DHA, presented as ∑n-3 PUFA) was 1.67 g/d
(0.75%E). As a result, the mean ratio of ∑n-6 PUFA to ∑n-3
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TABLE 1
Recommended Daily Intakes of Fat and FA, Formulated by the Belgian
Health Council (10)a
Recommendations (%E)
Fat < 30
SFA < 10
MUFA > 10
PUFA 5.3–10.0
18:2n-6 > 2.0
20:4n-6 —
Σn-6 PUFA 4.0–8.0
18:3n-3 > 1.0
Σ(20:5n-3, 22:6n-3) > 0.3
Σn-3 PUFA 1.3–2.0
aΣn-6 PUFA = 18:2n-6 + 20:4n-6; Σn-3 PUFA = 18:3n-3 + 20:5n-3 + 22:5n-3
+ 22:6n-3; %E, percent of total energy intake.
PUFA was 7.8. The 5th and 95th percentiles of this ratio show
a quite high variation (Table 4). The contribution of the LC n-6
derivates to the ∑n-6 PUFA was on average very low, only
0.5%. For the ∑n-3 PUFA, the LC fraction accounted for
14.0%. Furthermore, the LC PUFA intake is skewed to the
right, as shown by the median intakes being much lower than
the mean intakes (Table 3). A large proportion of the study pop-
ulation had no intake of the LC PUFA on both recorded days,
whereas others had rather high intakes.
The percentages of fat, SFA, MUFA, total PUFA, and indi-
vidual n-6 and n-3 PUFA provided by different food types are
presented in Tables 5 and 6. The major food sources contribut-
ing to total fat intake were dairy products, sweet products, fats
and oils, and meat, poultry, and eggs. Dairy products and sweet
products were the main contributors to SFA intake, whereas fats
and oils were the primary source of MUFA and PFUA (Table 5).
Fats and oils were the main sources for LA (31%) and especially
of LNA (45%), followed by cereal products. In the group of fats
and oils, margarines and fatty sauces (dressings, etc.) were the
major subgroups. Breads was the most important subgroup in
the groups of cereal products. The intake of AA was mainly con-
tributed to the diet by meat, poultry, and eggs, which contributed
more than half of the intake. The subgroup eggs was responsible
for more than 25% of the overall AA intake. The second impor-
tant contributor was fish and seafood, accounting for 17.8%, with
molluscs and crustacean as the most important subgroup, fol-
lowed by fatty fish. For the three different LC n-3 PUFA taken
into consideration in this study, a nearly equivalent pattern is
found concerning the contribution of the different food groups to
the mean intake. Fish and seafood contributed 87.3%, 66.0%,
and 80.0%, respectively, of EPA, DPA, and DHA. The most im-
portant subgroup was fatty fish, which accounted for almost half
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TABLE 2
Intake of Energy, Total Fat, and the Three Different FA Groups
Energy Intake Total Fat SFA MUFA PUFA Total Fat SFA MUFA PUFA
kJ/d g/d %E
Mean 8,338 77.6 30.9 29.6 13.4 34.3 13.7 13.1 6.0
SD 2,076 27.9 12.1 11.7 6.4 6.9 3.4 3.3 2.3
5th percentile 5,115 36.2 13.5 13.3 4.7 22.6 7.9 7.9 2.7
Median 8,243 75.3 29.2 28.4 12.6 34.4 13.7 12.9 5.7
95th percentile 11,964 125.6 52.3 50.4 25.0 45.4 19.2 18.8 10.0
TABLE 3
Intakes of Individual PUFA
18:2n-6 18:3n-3 20:4n-6 20:5n-3 22:5n-3 22:6n-3 Σn-6 PUFA Σ(20:5n-3,22:6n-3) Σn-3 PUFA
mg/d
Mean 1,1918.8 1,436.9 55.9 77.8 25.3 131.2 1,1974.8 208.9 1,671.2
SD 5,859.5 902.6 47.4 156.1 45.7 246.9 5,869.1 396.6 1,005.4
5th percentile 3,915.0 432.2 3.6 0.0 0.0 0.0 3,938.5 0.0 532.1
Median 1,1079.3 1,258.5 43.8 14.0 11.7 42.5 11,113.8 54.1 1,445.8
95th percentile 2,2778.4 3,030.5 147.9 427.7 100.2 647.1 22,798.5 1,115.4 3,558.1
%E
Mean 5.28 0.64 0.03 0.04 0.01 0.06 5.33 0.10 0.75
SD 2.08 0.34 0.02 0.07 0.02 0.11 2.12 0.18 0.40
5th percentile 2.39 0.24 0.00 0.00 0.00 0.00 2.40 0.00 0.29
Median 5.04 0.57 0.02 0.01 0.01 0.02 5.07 0.02 0.66
95th percentile 9.05 1.32 0.07 0.18 0.05 0.28 9.00 0.44 1.53
For abbreviations, see Table 1.
TABLE 4
Ratio of the Intake of LA versus LNA and of the Intake
of n-6 PUFA versus n-3 PUFA
18:2n-6/18:3n-3 Σn-6 PUFA/Σn-3 PUFA
Mean 8.7 7.8
SD 5.4 4.2
5th percentile 5.3 4.2
Median 10.1 8.8
95th percentile 19.0 16.4
For abbreviations, see Table 1.
TABLE 5
Food Sources for Total Fat and the Three FA Groups
(% of Contribution)
Food Group Fat SFA MUFA PUFA
Total cereal products 8.9 8.7 8.2 12.3
Total dairy products 19.7 31.0 14.9 3.0
Total fats and oils 18.5 9.9 22.1 31.7
Total fish and seafood 1.7 0.9 1.7 2.8
Total fruits and vegetables 9.3 5.8 10.9 13.3
Total meat, poultry, and eggs 15.4 14.3 17.1 12.2
Total miscellaneous 7.5 4.5 8.3 12.8
Total sweet products 19.1 24.9 16.7 11.9
of the overall intake of EPA, DPA, and DHA. For EPA, the sub-
group molluscs and crustacean were also quite important (ac-
counting for 23.9%). A substantial part of the DPA intake was
contributed by poultry (13.0%), meat and meat dishes (12.1%),
and eggs (6.1%). This group contributed also to the DHA intake
(for 11.8%), with eggs as the major subgroup (6.1%). Since for-
tification of margarines with LC n-3 PUFA and since the use of
eggs in pastry and desserts, as well as in certain snacks, these
food items also contribute a bit to the intake of LC n-3 PUFA in-
take. 
DISCUSSION
Some methodological shortcomings related to this study have
to be mentioned. First, it has to be said that extreme intakes
(low and high) are likely to be exaggerated because the con-
sumption data were derived only from a 2-d food record. Two
days are not enough to give a picture of the usual intake on an
individual level, especially for nutrients abundantly present in
foods that are not consumed on a daily basis, such as seafood
products. There is a high within- and between-subject variance
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TABLE 6
Contribution of Food Sources to n-6 and n-3 PUFA Intakes (% of the Total Intake of Each FA Brought
by Each Food Group: Means of the Whole Population Sample)
Food Groups LA LNA AA EPA DPA DHA Σn-6a Σn-3b
Breads 12.9 9.9 0.0 0.0 0.0 0.0 12.8 8.5
Breakfast cereals 1.1 0.5 0.2 0.0 0.0 0.0 1.1 0.4
Cereal-based dishes 0.8 1.4 0.7 0.0 0.0 0.1 0.8 1.2
Pasta, rice, and other cereals 1.6 1.3 0.6 0.4 0.0 0.2 1.6 1.2
Total cereal products 16.4 13.1 1.6 0.4 0.0 0.3 16.3 11.3
Butter 0.3 0.9 1.2 0.0 0.0 0.0 0.3 0.8
Cheese 1.2 4.4 4.3 0.0 0.0 0.0 1.3 3.7
Cream 0.1 0.5 0.0 0.0 0.0 0.0 0.1 0.4
Milk 0.2 0.6 0.4 0.0 0.0 0.0 0.2 0.6
Yogurts 0.1 0.2 0.0 0.0 0.0 0.0 0.1 0.2
Total dairy products 1.9 6.6 5.9 0.0 0.0 0.0 2.0 5.6
Fatty sauces 11.3 25.1 0.0 0.1 0.1 0.0 11.2 21.6
Margarines 15.7 17.7 0.0 0.9 0.0 0.5 15.6 15.3
Mixed fats 0.1 0.2 0.0 0.0 0.0 0.0 0.1 0.1
Vegetable oils 4.3 1.8 0.0 0.0 0.0 0.0 4.3 1.6
Total fats and oils 31.4 44.7 0.0 1.1 0.1 0.5 31.2 38.6
Fatty fish 0.4 0.6 5.0 47.4 49.8 48.1 0.4 7.3
Fish products 0.4 0.1 0.4 3.2 1.9 3.0 0.4 0.5
Half-fatty fish 0.0 0.0 1.2 5.2 3.8 6.6 0.0 0.8
Lean fish 0.0 0.0 2.2 7.6 4.5 9.5 0.0 1.2
Molluscs and crustaceans 0.0 0.1 8.9 23.9 6.1 12.9 0.1 2.3
Total fish and seafood 0.8 0.9 17.8 87.3 66.0 80.0 0.9 12.1
Fruits 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.4
Legumes 0.1 0.3 0.0 0.0 0.0 0.0 0.1 0.3
Nuts and seeds 6.6 3.5 0.0 0.6 0.0 0.0 6.6 3.1
Potatoes 5.5 1.7 0.0 0.0 0.0 0.0 5.5 1.5
Soups 0.6 0.6 0.8 0.1 0.0 0.2 0.6 0.5
Vegetables 0.6 1.8 0.0 0.1 0.0 0.0 0.6 1.5
Total fruits and vegetables 13.4 8.4 0.8 0.8 0.0 0.2 13.4 7.2
Eggs 1.1 0.3 25.5 0.2 6.2 6.1 1.2 0.9
Meat and meat dishes 8.4 8.3 17.9 2.4 12.1 2.0 8.5 7.6
Poultry 1.6 1.2 15.3 2.7 12.9 3.7 1.6 1.7
Total meat, poultry, and eggs 11.1 9.9 58.7 5.2 31.2 11.8 11.3 10.1
Biscuits 2.9 2.7 0.2 0.0 0.0 0.0 2.8 2.4
Chocolate products 5.4 3.7 0.0 0.0 0.0 0.0 5.4 3.2
Pastry and desserts 4.5 4.4 8.7 0.1 0.1 0.9 4.5 3.8
Sugar and sweets 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.0
Total sweet products 12.8 10.8 9.0 0.1 0.1 0.9 12.8 9.3
Dietetic products 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Miscellaneous 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.0
Salty snacks 2.2 0.7 0.0 0.0 0.2 0.0 2.1 0.6
Snacks 6.8 2.9 6.2 4.3 2.3 6.2 6.8 3.2
Soydrink 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Spices and condiments 0.5 0.8 0.0 0.0 0.0 0.0 0.5 0.7
Vegetarian substitute 2.6 1.3 0.0 0.8 0.0 0.0 2.6 1.2
Total miscellaneous 12.1 5.8 6.2 5.1 2.5 6.2 12.1 5.7
aΣn-6 = C18:2n-6 + C20:4n-6.
bΣn-3 = C18:3n-3 + C20:5n-3 + C22:5n-3 + C22:6n-3.
for these nutrient intakes over different days. Nelson et al. (28)
calculated the days needed to assess the individual PUFA in-
take with a good correlation (r ≥ 0.9) between the observed and
the true mean intake. For women older than 18 y, at least 30 d
should be necessary. Nevertheless, the 2-d food record yields
unbiased estimates of the mean food consumption of a popula-
tion sample.
Second, at the level of the food composition data, a point
of discussion is that PUFA, in particular the long-chain
PUFA, are present in only small amounts in individual foods,
but accumulate to significant levels of biological importance
in the context of a whole diet. For most foods, these low val-
ues often round down to zero when reported to a single deci-
mal place, and so it is likely that FA concentrations will be
consistently underreported in FCDB (29). Furthermore, for
some items it was not easy to find the FA composition.
Quinoa, for example, was only mentioned in the German
FCDB (26). We were obliged to use eight different databases
in order to determine the FA composition of all food items,
which is not an ideal situation. Moreover, a very recent Aus-
tralian study (11) noted that the meat and poultry category of
foods was a significant source of LC n-3 PUFA. The authors
stated that the modest amount of PUFA in muscle tissue phos-
pholipids of lean meat needs to be taken into account when
determining dietary PUFA intakes. The majority of LC n-3
PUFA in meat is DPA. According to Howe et al. (11), the LC
n-3 PUFA content of meat products has been underestimated
up to now. Because of the limitations of available data about
the FA content of these food items, LC n-3 intake from meat,
poultry, and eggs, especially DPA intake, could have been un-
derestimated, but this is not likely to have resulted in a signif-
icant underestimation of the mean EPA and DHA intake,
given that these two FA are mainly brought by fish and
seafood. Moreover, the Belgian recommendation considers
only EPA and DHA for the evaluation of LC n-3 PUFA in-
take. Therefore, the evaluation of the intake data against the
Belgian recommendations is not influenced by the possible
underestimation of DPA during the intake assessment.
The recommendations formulated by the Belgian Health
Council regarding fat and FA (Table 1), were used to evaluate
the intakes of this study population. It is recommended that the
total fat intake not exceed 30% of E per day. Three-quarters of
the population exceeded the tolerable upper intake limit for
total fat (30%E) and SFA (10%E), whereas MUFA and PUFA
corresponded to the recommendations. In contrast to the in-
takes of LA and ∑n-6 PUFA, which fit the recommendations
for the major part of the population, the mean and median in-
takes of LNA and ∑n-3 PUFA fell well below the recom-
mended intake (1%E for LNA). The same is true for LC n-3
PUFA. The recommended minimum is expressed for the sum
of EPA and DHA, and is at least equal to 0.3%E. The mean in-
take for EPA + DHA was 0.10%E, and the median was
0.20%E. It can be concluded that the study population has an
important deficit for these FA. 
Published data of mean dietary intake of PUFA in adult
women, expressed in g/d or mg/d, are presented in Table 7.
FATTY ACID INTAKES AND FOOD SOURCES 419
Lipids, Vol. 41, no. 5 (2006)
TA
B
LE
7
Fa
t
an
d
PU
FA
In
ta
ke
D
at
a
of
D
iff
er
en
t
O
th
er
La
rg
er
an
d
Sm
al
le
r
Po
pu
la
ti
on
St
ud
ie
s
of
W
om
en
C
ou
nt
ry
R
ef
er
en
ce
Po
pu
la
tio
n
M
et
ho
d
Fa
t
LA
LN
A
A
A
EP
A
D
PA
D
H
A
Σn
-6
a
Σn
-3
b
LA
/L
N
A
n-
6/
n-
3
La
rg
er
sa
m
pl
e
g/
d
m
g/
d
g/
d
B
el
gi
um
Th
is
st
ud
y
64
1
w
om
en
(1
8–
39
y)
2-
da
y
re
co
rd
77
.5
8
11
.6
2
1.
44
55
.9
0
77
.8
0
25
.3
0
13
1.
20
11
.9
7
1.
67
8.
70
7.
8
A
us
tr
al
ia
H
ow
e
et
al
.2
00
5
5,
77
0
w
om
en
(1
9+
y)
24
-h
re
ca
ll
N
A
c
8.
72
0.
87
11
7.
00
60
.0
0
52
.0
0
83
.0
0
8.
93
1.
06
N
A
N
A
Fr
an
ce
A
st
or
g
et
al
.2
00
4
2,
78
5
w
om
en
(3
5–
63
y)
6
×
24
-h
re
co
rd
73
.5
5
8.
10
0.
74
15
1.
90
11
7.
80
55
.9
0
22
5.
90
N
A
N
A
11
.1
0
N
A
G
er
m
an
y
Li
ns
ei
ne
n
et
al
.2
00
3
89
8
w
om
en
(3
5–
64
y)
24
-h
re
ca
ll
76
.1
0
11
.6
0
1.
51
14
0.
00
80
.0
0
N
A
14
0.
00
11
.7
0
1.
72
N
A
7.
21
G
er
m
an
y
Li
ns
ei
ne
n
et
al
.2
00
3
1,
07
8
w
om
en
(3
5–
64
y)
24
-h
re
ca
ll
78
.0
0
10
.9
0
1.
32
16
0.
00
70
.0
0
N
A
14
0.
00
11
.0
0
1.
53
N
A
7.
99
A
us
tr
al
ia
M
ey
er
et
al
.2
00
3
3,
17
8
w
om
en
(1
9–
64
y)
24
-
h
re
co
rd
N
A
9.
40
1.
02
41
.0
0
46
.0
0
21
.0
0
89
.0
0
9.
40
1.
17
8
N
A
Ja
pa
n
To
ku
do
m
e
et
al
.1
99
9
18
0
w
om
en
(m
id
dl
e-
ag
ed
)
1-
d
re
co
rd
57
.7
11
.2
1
1.
71
13
9
24
2.
00
N
A
46
9.
00
N
A
N
A
N
A
N
A
N
or
w
ay
Jo
ha
ns
so
n
et
al
.1
99
8
1,
62
7
w
om
en
(1
6–
79
y)
FF
Q
67
.0
0
8.
80
1.
20
12
0.
00
27
0.
00
60
.0
0
40
0.
00
N
A
N
A
N
A
4.
17
Sm
al
le
r
sa
m
pl
e
U
ni
te
d
St
at
es
Lo
os
em
or
e
et
al
.2
00
4
31
w
om
en
(m
ea
n:
25
y)
2
×
24
-h
re
ca
ll
74
.0
3
11
.5
6
1.
34
15
5.
38
15
.8
1
N
A
67
.6
9
11
.7
1
1.
46
9.
04
4.
53
Ja
pa
n
To
ku
do
m
e
et
al
.2
00
3
71
w
om
en
(4
0–
49
y)
7-
d
re
co
rd
N
A
10
.4
8
1.
57
13
5.
25
27
8.
25
74
.7
5
49
6.
75
10
.6
2.
4
N
A
4.
63
C
an
ad
a
In
ni
s
et
al
.2
00
3
55
pr
eg
na
nt
w
om
en
(2
0–
40
y)
FF
Q
79
.8
0
11
.2
0
1.
60
12
1.
00
78
.0
0
N
A
16
0.
00
N
A
N
A
N
A
N
A
B
el
gi
um
D
e
V
ri
es
e
et
al
.2
00
1
26
pr
eg
na
nt
w
om
en
;1
st
tr
im
es
te
r
FF
Q
85
.9
0
12
.9
0
1.
30
13
0.
00
17
0.
00
N
A
30
0.
00
13
.2
0
1.
82
N
A
N
A
B
el
gi
um
D
e
V
ri
es
e
et
al
.2
00
1
26
pr
eg
na
nt
w
om
en
;3
rd
tr
im
es
te
r
FF
Q
90
.2
0
13
.7
0
1.
50
13
0.
00
15
0.
00
N
A
30
0.
00
14
.0
0
1.
98
N
A
N
A
N
et
he
rl
an
ds
O
tto
et
al
.2
00
1
19
pr
e-
pr
eg
na
nt
w
om
en
(m
ea
n:
30
.7
y)
FF
Q
88
.2
0
13
.2
2
1.
09
30
.0
0
50
.0
0
10
.0
0
90
.0
0
13
.2
4
1.
27
N
A
11
.3
1
N
et
he
rl
an
ds
O
tto
et
al
.2
00
1
20
pr
eg
na
nt
w
om
en
(m
ea
n:
30
.7
y)
FF
Q
86
.9
4
13
.1
7
1.
02
20
.0
0
80
.0
0
20
.0
0
14
0.
00
13
.1
9
1.
29
N
A
11
.9
7
a Σ
n-
6
=
18
:2
n-
6
+
20
:4
n-
6;
ex
ce
pt
fo
r
M
ey
er
et
al
.(
16
)Σ
n-
6
=
18
:2
n-
6
+
20
:2
n-
6
+
20
:3
n-
6
+
20
:4
n-
6
+
22
:4
n-
6;
To
ku
do
m
e
et
al
.(
12
)=
18
:2
n-
6
+
18
:3
n-
6
+
20
:3
n-
6
+
20
:4
n-
6;
O
tto
et
al
.(
31
)Σ
n-
6
=
18
:2
n-
6
+
20
:3
n-
6
+
20
:4
n-
6
+
22
:4
n-
6
+
22
:5
n-
6.
b Σ
n-
3
=
18
:3
n-
3
+
20
:5
n-
3
+
22
:5
n-
3
+
22
:6
n-
3;
ex
ce
pt
fo
r
Li
ns
ei
ne
n
et
al
.(
17
)a
nd
D
e
V
ri
es
e
et
al
.(
31
)Σ
n-
3
=
18
:3
n-
3
+
20
:5
n-
3
+
22
:6
n-
3.
c N
A
,n
ot
av
ai
la
bl
e.
Fo
r
ot
he
r
ab
br
ev
ia
tio
ns
,s
ee
Ta
bl
e
1.
Nevertheless, the comparisons must be interpreted with cau-
tion as survey methods can vary. Moreover, non-negligible dif-
ferences exist in the age and the total energy intake of the pop-
ulation.
The women of the studies in France, Norway, and Australia
seemed to consume less LA, whereas the women in Germany
and Japan consumed quite similar levels (11,12,14–17). Con-
versely, higher absolute LA intake levels were found in another
Belgian and a Dutch study with a smaller sample size (30,31)
(Table 7). Another pattern was found for LNA. The absolute
intake of LNA determined in this study is quite high when
compared with other studies, with exception of the Japanese
and German studies (12,17) and a study done in pregnant Cana-
dian women (32). In all the other studies, a lower LNA intake
was determined. This is remarkable, because even in the pre-
sent study a comparison of the LNA intake with the Belgian
recommendations showed a deficit of this FA in the diet of the
Belgian women. Astorg et al. (14) translated the mean LNA in-
take of the female population group in their study into %E; it
was 0.38%E. Comparing this with the Belgian recommended
minimum level, the French women have an even worse deficit
than the Belgian women. Correspondingly, the mean LA/LNA
ratio of the French women is far higher (11.10) than the one
found in this study. Whereas the essential n-6 PUFA intake
seemed rather high in comparison with other studies, the oppo-
site applies to the mean absolute intake of AA, the only LC n-6
PUFA taken into consideration in this study. Most of the other
studies found a mean absolute AA intake that was two to three
times higher than the mean AA intake determined in this study.
Nevertheless, the intake of the food sources that contribute the
most AA to the diet are equal compared with those found in the
French and the Australian studies (14,16); they are (1) meat,
poultry, and eggs (accounting for more than 50% of the AA in-
take), and (2) fish and seafood. So a probable explanation is
that the AA concentration of these food items is underestimated
in the FCDBs that were used in this study.
A large variation is found in the intake estimations of LC n-
3 PUFA between studies and countries. As for LA and LNA
mean intake, the mean LC n-3 PUFA intake is comparable with
the results found in the German study (17), as well as with the
results of the Dutch study (31). A larger absolute intake of EPA,
DPA, and DHA is found in France and especially in Norway
and Japan, probably due to larger seafood consumption. In this
study, the average seafood consumption of the women (calcu-
lated as a mean of the 2 d) was 27.0 (± 44.9) g/d. Welch et al.
(33) reported the seafood consumption in 10 European coun-
tries for men and women between 35 and 74 years old. For
women, a mean seafood consumption of 15.9 g/d and 19.9 g/d
was found in two German cities, and a mean of 13.3 g/d and
13.4 g/d in two Dutch cities (33). In comparison, French
women have a mean seafood consumption ranging between
35.0 g/d and 52.4 g/d, depending on the region where they live;
the mean intake of seafood for Norwegian women was 42.9 g/d
in south and east Norway and 63.3 g/d in north and west Nor-
way (33). Johansson et al. (15) reported a mean intake of 57 g
of fish per day for Norwegian women. These results show that
the higher seafood consumption in the latter two countries is
clearly the main reason for the higher LC n-3 PUFA intake.
Comparisons of food sources of fat and FA are not easy, be-
cause the definitions of food groups are not the same in the dif-
ferent studies. The definition of the food groups in this study is
based on the French study of Astorg et al. (14), so the results
of these two studies are quite comparable. The comparison with
other results must be seen as an indication. 
The main sources for LA found in this study were fats and
oils (31.4%), followed by cereal products (16.4%). The impor-
tant contribution of fats and oils to the LA intake was also
found in the French and the Australian studies (accounting for
33.5% and 21.9%, respectively) (14,16), as well as in the
Japanese study (13). For AA, the intake was mostly contributed
by meat, poultry, and eggs, followed by fish and seafood. The
same results were found by the French and Australian authors:
meat, poultry, and eggs accounted for 67.2% and 70.15%, re-
spectively, followed by fish and seafood (11.1% and 27.2%, re-
spectively). In the Japanese study, chicken, eggs, and pork to-
gether contributed 50.6% to the AA intake.
In the present study, fats and oils were by far the major con-
tributor to LNA intake (45%), especially fatty sauces and mar-
garines. This is at variance with the French study, where fats
and oils were only a minor contributor (10%), the major ones
being dairy products, fruits and vegetables, and meat, poultry,
and eggs (14). Fatty sauces and margarines seem to be much
less consumed in France than in Belgium.
In this study, fish and seafood were the major contributors
to the EPA, DPA, and DHA intake, representing respectively
87.3%, 66.0%, and 80.0%. In Norway, fish was also the major
source (respectively, accounting for 55%, 43%, and 57%), fol-
lowed by cod liver oil, which was used by 36% of the survey
subjects (15). In contrast, cod liver oil, being rich in LC n-3
PUFA, was not consumed by the Belgian women included in
this study. In the French data, fish and seafood were the major
sources for EPA and DHA (72.0% and 64.7%, respectively)
(14), but meat, poultry, and eggs were the first contributor of
DPA intake (55%). In Norway, meat and fish were the main
sources of DPA (43% each) (15). In the present study, the con-
tribution of meat, poultry, and eggs to the DPA intake was
lower (31%). A very recent Australian publication described in
detail the contribution of meat sources to the intake of LC n-3
PUFA (11). Their analyses showed that fish and seafood con-
tributed 49.7%, 15.4%, and 69.9% to the intake of, respec-
tively, EPA, DPA, and DHA. On the other hand, meat, poultry,
and game products provided, respectively, 44.8%, 73.2%, and
19.6%. This shows that an underestimation of the LC n-3
PUFA content of meat can be crucial, since the consumption of
meat and meat products is large compared with that of fish and
seafood. 
CONCLUSION
In conclusion, analysis showed that the mean intake of total fat
and SFA of Belgian women exceeded the Belgian recommen-
dations. With regard to the PUFA intake, the mean intake of n-6
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PUFA seemed to be sufficient. In contrast, the mean intakes of
LNA and LC n-3 PUFA were far too low. When considering
these facts together, it seems advisable to explore ways to in-
vestigate food-based strategies to decrease the SFA intake and
also increase the n-3 PUFA intake; this is a counterargument to
the intake of supplements. Although such supplements can be
an easy solution for some women, the presence of other nutri-
ents in food sources of EPA and DHA, such as important amino
acids and trace elements, must also be considered. This con-
clusion is in accordance with one of the conclusions in a recent
Dutch report, which stated that an excessive intake of the unfa-
vorable types of fat, such as SFA, increases the likelihood of
developing cardiovascular disease by 25%, whereas eating fish
once or twice a week reduces this risk 25% (34).
A previous study in Belgium of consumer awareness and
beliefs related to n-3 PUFA, their health benefits, and their food
sources showed that awareness is poor and beliefs often wrong
(35). Nutrition education should play an important role in con-
vincing people of this dietary shift. 
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